We investigated the presence of Mycobacterium avium subsp. paratuberculosis in retail cheeses from Greece and the Czech Republic. We found that 31.7% and 3.6% of our samples reacted positive by PCR and culture, respectively. Consumption of these cheeses is likely to result in human exposure to M. avium subsp. paratuberculosis, albeit at a low level for viable cells.
Paratuberculosis, which is caused by Mycobacterium avium subsp. paratuberculosis, affects domestic and wild ruminants (1) . M. avium subsp. paratuberculosis has also been implicated in the pathogenesis of Crohn's disease in humans (4, 5, 19) . Animals may shed M. avium subsp. paratuberculosis in their milk, even during subclinical infection (12, 25) , and human exposure to M. avium subsp. paratuberculosis through dairy products has become an issue of concern, despite the fact that there is no conclusive evidence to support association of this pathogen with Crohn's disease (9, 10) . The ability of M. avium subsp. paratuberculosis to survive industrial or laboratory pasteurization has been assessed by several research groups (8, 13, 17, 22, 23) . Recently, Ayele et al. (2) demonstrated the presence of viable M. avium subsp. paratuberculosis in retail milk. The viability of this pathogen in cheese has been investigated, to our knowledge, by only three groups. These studies referred to a soft Hispanic-style (queso fresco) cheese (21) , to hard (Swiss Emmentaler) and semihard (Swiss Tisliter) cheeses (24) , and to cheddar cheese (7) . In the present study we used cultivation and PCR to investigate the presence of M. avium subsp. paratuberculosis in retail cheese from Greece and the Czech Republic.
Collection of samples was performed from February to June 2003. The sampling plan was designed to include the maximum possible number of the most popular brands (commercial labels) and/or types of cheese, based on data published annually by the cheese producers in both countries. Hence, we sampled five brands of feta cheese from Greece and a total of three brands of cheese from the Czech Republic, one for each type commonly available, i.e., soft, hard, and semihard. Selection of the outlets used for sampling was done by random ballot draw of the major outlets (supermarkets) in both countries. Each outlet was visited once, when a single sample was obtained from each brand to the maximum number of brands available. The minimum number of retail points to be visited, hence the minimum number of samples collected for each brand, was five. Each brand was assumed homogenous across sites. At 5% prevalence of M. avium subsp. paratuberculosis, this sample size represents 20% "precision" (or deviation from precision) at a 95% confidence level. However, due to low availability, the number of samples that were examined for one feta cheese (brand A) was three (25% "precision"). In this manner, a total of 84 samples of eight different brands of cheese was collected from Greece (A, B, C, D, and E) and the Czech Republic (F, G, and H) ( Table 1) .
Each sample consisted of 50 g of cheese and was stored at 4°C for less than 48 h before examination. After disposal of the external layer, the remaining cheese was homogenized by stomacher blender (Kleinfeld Labortechnik, Germany). Thirty milliliters of homogenate was used for cultivation as previously described (2) . In brief, decontamination was performed by incubation with 0.75% hexadecyl-pyridinium chloride (Sigma Chemical Co., St. Louis, Mo.) in a dark room, at room temperature, for 5 h. A 200-l aliquot of the suspension was inoculated onto three slants of Herrold's egg yolk medium (Sigma Chemical Co., St. Louis, Mo.) with 2 g/ml mycobactin J (Allied Monitor Inc., Fayette, Mo.). To rule out fast-growing mycobacteria and early contamination of cultures, the vials were monitored during the first week of incubation. Further observation was at biweekly intervals until ample colonies appeared for diagnosis. Incubation was carried out for no less than 8 months. DNA was isolated from 200 mg homogenate, using the QIAamp DNA tissue kit (QIAGEN GmbH, Düssel-dorf, Germany). PCR amplification was performed as previously described (10) . In brief, the primers P1N, 5Ј GCATGG CCCACAGGACGTTGAG 3Ј, P2N, 5Ј CTACAACAAGAG CCGTGCCG 3Ј, P3N, 5Ј GGGTGTGGCGTTTTCCTTCG 3Ј, and P4N, 5Ј TCCTGGGCGCTGAGTTCCTC 3Ј (international patent application PCT/GR2004/000051) were incorporated in a one-tube nested PCR, amplifying a 257-bp fragment within the M. avium subsp. paratuberculosis-specific IS900 element (11) . The PCR products were analyzed by electrophoresis on 2% agarose gel, followed by UV transillumination. For confirmation of the PCR results, DNA isolated from 50% of the samples collected in both countries was marked with coded numbers and cross-examined by the collaborating laboratories. Results were then communicated and compared.
PCR allowed amplification of the 257-bp, M. avium subsp. paratuberculosis-specific DNA fragment of the IS900 element in 21 (50.0%) and 5 (12.0%) of the 42 samples collected from Greece and the Czech Republic (Table 1 ; Fig. 1) . Positive results varied, depending on the brand and type of cheese, from 0% to 85.7%, the highest being recorded for brand D feta cheese ( Table 1 ). The reproducibility of the PCR results in each laboratory was 100%. From the 84 samples that were tested by cultivation, 3 (3.6%) were M. avium subsp. paratuberculosis positive (Table 1) . These samples also produced positive results by PCR. Our isolates were identified as M. avium subsp. paratuberculosis only by PCR, since after 8 months of incubation, they produced very few visible colonies and they failed to grow on secondary cultures.
Studies on the survival of M. avium subsp. paratuberculosis in model cheeses have shown that certain physicochemical characteristics, mainly pH, salt concentration, and temperature during manufacture and ripening, prevent multiplication of the pathogen, which is by nature very fastidious (20) . These factors, which varied in the cheeses that we sampled (Table 1) , have been shown to cause the death of most pathogenic bacteria found in cheese within 7 days of ripening (3). Despite indications that this adverse environment may be less inhibitory to M. avium subsp. paratuberculosis survival (21), it may be responsible for decreased viability or even death of M. avium subsp. paratuberculosis in our cheese samples, which probably accounts for the culture-negative, PCR-positive results that we recorded. Indeed, M. avium subsp. paratuberculosis cells of low viability have been associated with false-negative culture results generated by the neutralization of these cells during decontamination (20) . For this reason, incubation of our samples with hexadecyl-pyridinium chloride was carried out for only 5 h, which is less than half the time of that which is recommended (18) . However, even under these circumstances decontamination could still be a source of false-negative culture results, especially for samples containing small numbers of low-viability cells of M. avium subsp. paratuberculosis (15) . Therefore, it can be stated that the results that we recorded by culture may be understating the true prevalence of this pathogen in our cheese samples. The latter could also be associated with the fact that sheep and goat strains of M. avium subsp. paratuberculosis seem to be more likely to fail to grow on culture compared to those isolated from bovines (6, 15, 16) .
Detection of M. avium subsp. paratuberculosis by PCR varied considerably among different types and brands of cheese, especially feta (0 to 85.7% positive samples). Although identification of the source of this variation is very difficult (21) , it seems probable that our results reflected the impact of the specific physicochemical characteristics of each type of cheese on the elimination of M. avium subsp. paratuberculosis and/or the prevalence of this pathogen in the relevant animal populations. Indeed, the highest level of positivity (85.7%) was recorded for the brand D feta, which is produced on a Greek island with milk derived from a rather isolated population of animals that is enzootic for paratuberculosis (14) . Interestingly, this brand is advertised for its low (Ͻ2%) NaCl concentration (Table 1 ).
In conclusion, DNA sequences specific for M. avium subsp. paratuberculosis can be amplified by PCR from a considerable percentage of retail cheeses in Greece and the Czech Republic. This finding and the isolation of viable M. avium subsp. paratuberculosis from the types of cheese mentioned above, albeit at a low frequency, indicate that they are a means of human exposure to M. avium subsp. paratuberculosis.
